EVIDENCE 



CN1283 906 

High strength, high tenacity, corrosion-resistant for the mooring cable steel and 
production technology 

The invention belongs to the iron base a!loy steei, involves R4 level ocean mooring cable 
(OFFSHORE MOORINGCHAIN) with design of alloy steel steel grade and production 
technology. 

In recent years, along with the Shen Ru development of marine resources development, 
ocean facilities such as especially deep sea oil recovery, seafari, national defense 
construction need use a large amount of mooring cables, because the ocean especially 
abominable operation environment in deep sea and the maximization of ocean facility, 
have proposed more harsh requirement to the combination property of steel for the 
mooring cable, not only require the intensity height, and toughness is good, and the in 
light weight still requires sea water resistance corruption, antifatigue, stand wear and tear 
and good welding performance and better weld bond low-temperature impact 
toughness, Make the length 100m-2000m that mooring cable rod diameter generally is cp 
70mm- cp 160mm, whole piece chain/The tensile strength of level Four mooring cable 
requires to be greater than 860 MPa, and the yield strength requires to be greater than 
580MPa, and the internal marine tertiary anchor chain steel of producing can not satisfy 
above ocean mooring cable performance requirement far away at present.Consequently, 
especially the research and the production of R4 level ocean steel for the mooring cable 
seem particularly important and urgent to the ocean mooring cable, Internal to R4 level 
ocean for the mooring cable steel once did some researchs, like " metal heat treatmet " 
1990 the 9th phases " the fracture toughness of level Four anchor chain steel ", " metal 
nea t treatmet journal " the 12nd roll of the 4th phase " the ductile fracture toughness of 
level Four anchor chain steel and the somatotype of break surface " in 1991, " hot work 
technology " the 6th phase in 1991 " the mechanical behavior of novel level Four anchor 
chain steel ", " special steel " 1992 the 2nd phases " ocean platform anchor chain steel 
30MnCrV's development and application ".Some steel grades that are used for R4 level 
mooring cable have all been reported to these documents, because the heat treatment 
sensitiveness of these steel grades is strong, the welding performance is poor, the 
mechanical behavior of welding seam department is on the low side, are hard to satisfy 
the requirement of system chain technology, consequently only are limited to the trial- 
production of the short run in laboratory, and do not change the big production of industry 



over to, and this product still belongs to blankly at home so far, 

The contrast circumstances of the steel grade of internal several level Four mooring cable 
steel grades report and the invention as follows. 
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In the system chain process engineering of mooring cable, the long chain of kilometer is 
made through the flash welding carried forward to the rod, and is whole 



The strip chain is again through the quenching and tempering Technology for Heating 
Processing of quenchings + tempering, and very easily producing with welding seam 
department on its' surface to large-scale chain and quenching and the tempering crack 
defect, in case produce such defect, wherein have the chain link of crackle must get from 
the whole chain and make again, this will increase the energy consumption by a wide 
margin, reduce production efficiency, and the welding seam was located the scaling loss 
of principal element (like C, Si, Mn etc.) and was piled up owing to in the welding process 
while, will reduce the mechanical behavior that the welding seam was iocated. Through 
the optimal design of composition, the heat treatment sensitiveness of reduction steel 
grade improves the partial mechanical behavior of weld bond, is the key of this steel grade 
design. 

Consequently, the objective of the invention is to, solve the above-mentioned problem that 
exists in the prior art, provide high strength, high tenacity, corrosion resistant for the 
mooring cable steel and production technology. 
The invention relates to particularly,: 

A high strength, high tenacity, corrosion resistant for mooring cable steel, Characterized in: 



contain (weight %) C:0.25%-0.33%, Si:0.15%-0.30%, Mn:1.45%-1.75%, Cr:0.90%-1.40%, 
NM.00%-1.20%, Mo:0.45%-0.65%, Nb:0.02%-0.06%, AI:0.020%-0.050%, remaining and 
harmful dement P: <= 0.020%, S: <= 0.015%, Cu; <= 0.20%, Sn <= 0.03%, Sb: <= 
0.01%, As: <= 0.04%, B:<= 0.005%, [N];<= 0.009%, [ 0 ];<= 0.0020%,AII the other 
are Fe. 

Foretell high strength, high tenacity, corrosion resistant for mooring cable steel 
characterized in that the carbon equivalent must be greater than 1.40, promptly carbon 
equivalent Ce=C (%) 1/3Cr (%) 1/3Mn (%) 2/3Mo (%). 

Now, elaboration invention high strength, high tenacity, corrosion resistant for the mooring 
cable limited reason of steel chemical composition. 

C: carbon can improve the intensity of steel, can improve the quenching degree of steel 
simultaneously again. Be less than 0.25%, the mechanical behavior of welding seam 
department does not reach the strength requirement of level Four mooring cable, is higher 
than 0.33%, and in quenching technology, the mother meta! easily produces the quench 
crack, and the remaining carbon of flash butt welding part increases, will reduce the 
impact flexibility of welding seam department. Consequently,: 0.25-0.33% is confirmed as 
to the carbon content. 

Si: silicon can improve the Intensity and the quenching degree of steel, its minimum 
content is 0.15%, just can reach its effect, but the silicone content too high especially 
when its during with the coexistence of manganese, chromium element, silicon makes the 
austenite crystal alligatoring in being dissolved in the austenite admittedly, increases the 
temper brittfeness of a mistake heat sensitivity steel of steel. Simultaneously because 
silicon is easy in the oxidation, silicate is mingled with in the steei existence will reduce the 
impact flexibility of steel. The silicone content of contrast steel 2, contrast steel 3 is higher, 
and this is that the impact flexibility of chain welding seam department is iow, produces to 
quench or the main cause of tempering crack in the modifier treatment process.The Si 
content upper limit of invention steel grade is 0.30%. 

Mn: as improving intensity and toughness improves the quenching degree of steei and 
adds, but the too high tendency that easily produces the steel grain coarsening of 
manganese content, and has increased the sensitiveness of the temper brittleness of 
steel, when manganese content above 1.75% o'clock, easily produce the quench crack, 
so 1.45-1 .75% is confirmed as to manganese content scope. 

Cr: chromium is the principal element that improves the anti seawater corrosion ability of 



mooring cable steel, chromium can suppress and fail low-carbon diffusion velocity 
simultaneously, reduces the scaling loss of steel carbon when the welding, improves the 
mechanical behavior of welding seam department. Chromium improves the effect of the 
quenching degree and the temper resistance of steel in addition. Consequently chromium 
should not be less than 0.90%, and the oxide that higher chromium content formed is 
mingled with and is detained in welding seam department, will reduce the impact flexibility 
of steel, and the chromium upper limit confirms as 1.40%. Contrast steel 2,3 chromium 
content of contrast steel are on the low side, and for invention steel grade, its temper 
resistance, quenching degree are' lower, and the comprehensive mechanical behavior of 
its welding seam department is this steel grade too late. 

Mo: the molybdenum can improve the quenching degree of steel, prevents temper 
brittleness, can obviously improve the quenching characteristics of steel welding seam 
department, reduce the quench crack, improve the impact flexibility of welding seam 
department. Surpass at 0.65% o'clock when molybdenum content, the effect of improving 
the performance will no longer increase. The molybdenum element also is one of element 
of the decay resistance of conduct improvement steel simultaneously. 
Ni: nickel can improve the intensity of steel, reduces the black brittleness transition 
temperature of steel, the fatigue resistance of the improvement steel that does can and 
reduce the sensitiveness to the breach, can obviously improve the mother metal of chain 
and the low-temperature impact toughness of welding seam department, and while nickel 
element also is as one of element of the decay resistance of improvement 
steel. Nevertheless content is too high, and not only the incremental cost becomes rich 
nickel and is difficult for the oxidation owing to the subcutaneous metal base of oxidation 
in addition, thereby results in the cinder adhesion, forms the cinder that is difficult for 
coming off, appears " misrun " phenomenon in the technology preparation of welding 
burring. 1 .00-1 ,20% is confirmed as to this steel grade content scope.Nickel is regarded as 
residual elements to contrast steel 1, and rather than adding as the alloying element, for 
invention steel grade, the comprehensive mechanical behavior of the mother metal of its 
chain link and welding seam department and decay resistance are not as good as 
invention steel grade. 

Nb: the niobium is added as refining crystalline grain element and precipitation strength 
element, to gas content in the reduction steel and to improve the low-temperature impact 
toughness effect of steel obvious. Surpass at 0.06% o'clock when its content, it improves 
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the effect and no longer increases, The effect of niobium carbon in with fixed steel 
simultaneously, thus the performance of the anti intercrystalline corrosion of steel 
improved. Do not add this element in the contrast steel 1, contrast stee! 2, for invention 
steel grade, the comprehensive mechanical behavior of the mother metal of its chain link 
and welding seam department and decay resistance be invention steel grade too late, 
Al: aluminium is similar with the reacting phase of niobium, and mainly gaseous oxygen in 
refining crystalline grain and reducing the steel, nitrogen content, with the comprehensive 
mechanical behavior that improves chain mother metal and welding seam department. 
Aluminium surpasses at 0.050% o'clock, and the oxide of aluminium is mingled with the 
increase, will worsen the impact flexibility of steei. The aluminium content of contrast steel 
2, contrast stee! 3 is higher than 0.050%, easily results in the increase that the aluminium 
oxide is mingled with in the welding procedure. For invention steel grade, the 
comprehensive mechanical behavior of the mother metal of its chain link and welding 
seam department and decay resistance are not as good as invention steel grade. 
Residual elements Sn, Sb, As, Cu, B, P, S: people verify through a large amount of 
experimental studies, P, As, Sn, Sb gather partially at the intergranular and lead to the 
fact the grain boundary embrittlement, are that the production tempering is fragile, 
especially the fragile primary factor of high tempering.Add AS, Sn, when P surpasses 
certain content, still will reduce the low-temperature impact toughness of steel when 
residua! elements content, improve the brittle transition temperature of steel, worsen the 
comprehensive mechanical behavior of steel. Invention stee! grade is with residual 
elements control at: Sn <= 0.03%, Sb <= 0.01%, As <= 0.04%, Cu <= 0.20%, P <= 
0.02%S <= 0.01 5%.B has the temper brittleness that increases the steei and makes the 
austenite crystal tendency of growing up, consequently controls B within <= 0.005%, and 
its influence to heat treatment sensitiveness can be ignored.lt does not have the narration 
to contrast steel 1 , to contrast steel 2, to contrast steel 3. Invention steel grade has more 
the advantage. 

O; under the lower temperature, intensity and plasticity sharply reduce along with the 
increase of oxygen content. The oxygen content is also influential to impact flexibility, and 
along with the increase of oxygen content, the maximum value of impact value reduces 
gradually, and the brittle transition temperature also risees very fast, and the scope of 
brittle transition temperature is also along with the widen. The invention and production 
technology can be with oxygen content control within 0.0020% (20ppm). It does not have 



the narration to contrast steel 1, to contrast stee! 2, to contrast steel 3. Invention steel 
grade has more the advantage. 

N: though remaining nitrogen content is few in the steei can produce remarkable influence 
to the mechanical behavior of steel. Nitrogen enables the steel and produces the strain- 
aging phenomenon, and intensity and hardness improve promptly, and toughness 
reduces, and the notch sensitivity increases, 



The nitrogen content is high more, and the fragility tendency that is resulted in by the 
nitrogen content is just more obvious. The invention and production technology can be 
with nitrogen content control within 0.0090% (90ppm). It does not have the narration to 
contrast steel 1, to contrast steel 2, to contrast steel 3. Invention steel grade has more the 
advantage. 

Steel for the mooring cable according to invention production can obtain higher intensity, 
lower yield tensile ratio, therefore has excellent low-temperature impact toughness. The 
trier is taken a sample after whole modifier treatment, records yield strength a fi = 830- 
860MPa, tensile strength a b = 900-1 070MPa, percentage elongation 5 5 = 16-21%, 
percentage reduction of area iy = 65-70%; Ballistic work {V type breach) under - 20 DEG 
Cs is 110-150J. 

The production technology of following explanation invention steel: 

(1), the electric stove is smelted, smelts in 1001 ultra high power direct current electric arc 

furnace, adds the steel scrap and the pig iron, realizes pre-deoxidation and composition 



initial setting; 

(2) , LP is concise, carries out the composition fine setting in the 100tLF refining furnace; 

(3) , VD is concise, adopts the 100tVD stove to realize the vacuum outgas, guarantees 
[ H ] <= 0.0002%; 

(4) , continuous casting adopts 5 classes of con ti casters of 12 meters radiuses, and the 
direct casting becomes the 300mm square billet; 

(5) , tandem rolling, through 16 frame continuous rolling mill trains, rolling one-tenth 
mooring cable rod; 

The Non-Destructive Testing is adopted the supersound to involve eddy current testing 
equipment group and is carried out the surface of rolled piece and the inspection of 
internal soundness. 
Embodiment 1 

C:0.28%, Si:0.27%, Mn:1.58%, Cr:1.00%, Ni:1.12%, Mo:0.58%, Al:0,029%, Nb:0.04%, 
P:0.014%, S:0.006%, Cu:0.12%, Sn;0.02%, Sb:0.008%, As;0.02%, B:0.003%, [ N ]: 
0.0056%, [ O j: 0.0015%, [ H ] 0.00015%. 

The rod is through bulk heat treatmet (890 DEG Cs quench 600 DEG Cs of tempering), 
the back sample, gained mechanical behavior as follows: 

a g = 850MPa, tensile strength a b = 980MPa, percentage elongation o^= 18%, percentage 
reduction of area 4- 1 = 67%; Ballistic work (V type breach) under - 20 DEG Cs is 145J. 
Embodiment 2 

C:0.30%, Si:0.28%, Mn:1.52%, Cr:1.20%, Ni:1.15%, Mo:0.58%, Al:0.032%, Nb:0.035%, 
P:0.015%, 3:0.008%, Cu:0.12%, Sn:0.02%, Sb:0.008%, As:0.02%, B:0.003%, [ N ]: 
0.0062%, [ O ]: 0.0016%, [ H ] 0.00014%. 

The rod is through bulk heat treatmet (890 DEG Cs quench 600 DEG Cs of tempering), 
the back sample, gained mechanical behavior as follows: 

a 5 = 830MPa, tensile strength a b = 960MPa, percentage elongation a g = 19%, percentage 
reduction of area q; = 65%; Ballistic work (V type breach) under - 20 DEG Cs is 142J. 
Embodiment 3 

C:0.2 6%, Si:0.25% r Mn:1.52%, Cr:0.95%, Ni:1.15%, Mo:0.58%, Al:0.025%, Nb:0.045%, 
P:0.015%, S:0.G08%, Cu:0.12%, Sn:0.02%, Sb:0.008%, As:0.02%, B:0.003%, [ N ]: 
0.0060%, [ O ]: 0.0015%, [ H ] 0.00012%. 



The rod is through bulk heat treatmet (890 DEG Cs quench 600 DEG Cs of tempering), 
the back sample, gained mechanical behavior as follows: 



a 5 = 840MPa, tensile strength J b = 995MPa, percentage elongation a 5 = 17%, percentage 
reduction of area MJ = 62%; Ballistic work (V type breach) under - 20 DEG Cs is 135J. 
The off-the-shelf mechanical behavior of anchor chain of mooring of illustrating with 
examples below, for the practical application effect of further explaining invention steel for 
the mooring cable and making with this steel grade. 

The system chain technology of anchor chain product is: quenching temperature 870-920 
DEG C, water-cooling to room temperature, 580-630 DEG C tempering, water-cooling to 
the room temperature that adopting the flash of light to preheat the special unit of butt 
welding and compiling the ring butt welding with the rod, the back is made to the chain, 
needs quench with the drawing temper in vertical continuous type quenching and 
tempering heat-treatment furnace. The ring back of the body and welding seam 
department at the chain link get tensilely and the impact specimen, and its inspecting 
result as follows, 

The ring back of the body: o Q = 830MPa, tensile strength cy= 917MPa, percentage 
elongation o g = 22%, percentage reduction of area V = 67%; Ballistic work {V type breach) 
under -20 DEG Cs is 141J. 

Welding seam: o g = 825MPa, tensile strength o b = 913MPa, percentage elongation 
17%, percentage reduction of area 4> = 58%; Ballistic work (V type breach) under - 20 
DEG Cs is 105 J. 

Above mooring cable rod factory (prevailing clear iron company) and mooring cable 
production factory (Zhenjiang anchor chain factory) are all approved through the mil! of 
ABS (American Bureau of Shipping), DNV (Norske Veritas), LR (Lloyd's Register of 
Shipping) three classification society, and approval of acquisition mill and product 
approval certificate, and its mechanical behavior data are three above-mentioned 
measured datas that classification society's products are approved. 



CLAIMS 



1. A high strength, high tenacity, corrosion resistant for mooring cable steei,Characterized 
in: contain (weight %} C:0.25%-0.33%, Si:0.15%-0.30%, Mn:1.45%-1.75%, Cr:0.90%- 
1.40%, Ni:1.00%-1.20%, Mo:0.45%-0.65%, Nb:0.02%-0.06%, Al:0.020%-0.050%, 
remaining and harmful element P: <= 0.020%, S: <= 0.015%, Cu: <= 0.20%, Sn <= 
0.03%, Sb: <= 0.01%, As: <= 0.04%, B: <= 0.005%, [ N ]: <- 0.009%, [ O ]: <= 
0.0020%,AII the other are Fe. 

2. The said high strength of claim 1, high tenacity, corrosion resistant for mooring cable 
steel characterized in that the carbon equivalent must be greater than 1 .40, promptly 
carbon equivalent Ce=C {%) 1/3Cr (%) 1/3Mn (%) 2/3Mo (%). 

3. The said high strength of claim 1 or 2, high tenacity, corrosion resistant for the mooring 
cable production technology of steel characterized in that this technology includes: 

(1), the electric stove is smelted, smelts in 10Ot ultra high power direct current 
electric arc furnace, adds the steel scrap and the pig iron, realizes pre~deoxidation and 
composition initial setting; 

(2) , IF is concise, carries out the composition fine setting in the 1 0OtLF refining 
furnace; 

(3) , VD is concise, adopts the 100tVD stove to realize the vacuum outgas, 
guarantees [ H ] <= 0.0002%; 

(4) , continuous casting adopts 5 classes of conticasters of 12 meters radiuses, and 
the direct casting becomes the 300mm square biilet; 

(5) , tandem rolling, through 16 frame continuous rolling mill trains, rolling one-tenth 
mooring cable rod; 

(6) , Non-Destructive Testing is adopted the supersound to involve eddy current 
testing equipment group and is carried out the surface of rolled piece and the inspection of 
internal soundness. 



4.6 Alloying elements in the steel 



!n no other material can the properties be changed to such a great extent by alloying 
as in steel. The alloyed steel, apart from iron and carbon, generally contains a 
plurality of alloying elements. The property changes which have occurred can 
therefore only be given in a very general form. Precise predictions are also 
generally not possible because the effect of the alloying elements is not additive. 

Alloying elements are added to the steel in precise quantities in order to produce or 
improve certain properties or to eliminate or alleviate undesired ones. Types of steel 
are considered to be alloyed when the alloying content for at least one element 
reaches or exceeds the limit values of Table 183. The undesired additions 
(impurities) such as, for example, carbon, phosphorus, sulphur, nitrogen and the 
elements required for the deoxidisation accordingly are not considered to be alloying 
elements, 

For practical considerations, the alloyed steels are divided into low alloyed ones 
(sum of the alloying elements < 5 %) and high alloyed ones (> 5 %). Low alloyed 
steels, in principle, have similar properties to unalloyed ones. Their technically most 
important property is the considerably improved hardenability (see page 172), but 
also other technically significant material improvements are achieved: 

- heat resistance, for example by adding molybdenum. The heat-resistant steels 
which are still stable at high temperatures are produced. 

- good tempering properties are substantially improved by the great thermal and 
chemical resistance of the carbides of the alloying elements. 



4.6 Alloying elements in the steel 



In no other material can the properties be changed to such a great extent by alloying 
as in steel. The alloyed steel, apart from iron and carbon, generally contains a 
plurality of alloying elements. Because of the complex interactions between the 
alloying elements and their non-additive effect, the property changes which have 
occurred can therefore only be given in very general form. 

Alloying elements are added to the steel in precise quantities in order to produce or 
improve certain properties or to eliminate or alleviate undesired ones. Types of steel 
are considered to be alloyed when the alloying content for at least one element 
reaches or exceeds the limit values of Table 4.10. The undesired additions 
(impurities) such as, for example, carbon, phosphorus, sulphur, nitrogen and the 
elements required for the deoxidisation accordingly are not considered to be alloying 
elements. 



Table 4.10: Relevant levels of the alloying elements according to DIN EN 10020 for dividing unalloyed 
from alloyed steel 



Alloying element Limit value 

in % mass 

Aluminium 0.10 

Bismuth 0.10 

Lead 0.40 

Boron 0.0008 

Chromium 0.30 

Cobalt 0.30 

Copper 0.40 
Lanthanides {evaluated individually) 0.10 

Manganese 1.65 1) 

Molybdenum 0.08 

Nickel 0.30 

Niobium 0.06 

Selenium 0.10 

Silicon 0.60 



Tellurium 



0.10 



Titanium 



0.05 



Vanadium 



0.10 



Tungsten 
Zirconium 



0.30 



0,05 



Other (with the exception of carbon, phosphorus, sulphur and nitrogen) each 0.10 

11 if for manganese only a maximum value is set, the limit is 1 .80% and the 70% rule does not apply. 
This means that if, for the elements other than manganese, only a maximum value is set for the melt 
analysis in the product standard or specification, a value of 70% of this maximum value is to be used 
for the classification. 
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Das Verfabren wire! bci 510 °C bis 550 °C durch- 
gafiilut, weii dann die opflmalen, feinstdispersen 
Atisscheidungen entstehen. Die Folge der ntedri - 
gen Temperaturen sind sehr larsge Nitrierzeiten: 
fiir erne Nitriertiefe von 0,5 mm sind etwa 50 
Stunden erforde'rlich. Oblicherweise werden die 
Teile vor dem Nitrieren vergiitet, wodurch die 
Kernelgenschaften wesentlich verbessert werden 
und die Stickstoffaufnahme erleichtert wird. 
Durch die langc Nitrierdauer bestcht allerdings 
die Oafahr einerunzulassigen AniaBwirkung (Fo- 
stir>keitsabfall) des Vergttttragsgcfiiges. 
Das Sfilibadrtlfrieresn wird in Zyanbadern (CN) 
bei Temperaluren vors 570 "C ± 10 °C durch- 
gefilhrt, wobei stets einc gerlnge zusatzliche Auf- 
kohlung iiber den Kohlenstorfgehalt des Zyanba- 
des erfolgt. Die Nitriereeiten siad wegen der 
schnellen Aufliewung erheblich k.iirzer: in 10 
Stunden betvagt die Niirieriiefe etwa 0,5 mm. 
Dahcr werden Werkzeuge Oder andcrc Bautcile, 
bai dersencsn L ' it m i f itut <> > too 
wcscntlichcr BedeuUmg ist, ublicherweise badni- 
triert. Der Festigkeilsabfall des vergiiteten Kern; 
ist erbcblich gerisiger als beiin Gasnitriercn. 
Werkzeuge aus Schneilarbeiisstalil erhatten dureli das 
DiidnltrleroR bclclnerTemperaiur, die kleiner als derca 
Anln6te.«?eratuv ist, ease cxtroro harte Nuriersehlcht 
von otwn 0,02 mm Dicko. Die Standzeit und die 
AitltlBbostiindigkeit werden deutlich erhohi. 
Oogoiittber dem Einsatzhiirten (850 HV bis 900 
T'ty) 1st die maximal errcichbare Randharte we- 
•liiQh Wilier (bis 1200 HV), Die Verschleifife- 
.glrolt fet erheblich besscr, wegen dec i. a. sehr 
Ii .ii' ii. i b it olltea wlie FISche '.pre 
Jll jlber vermledon werden. Ein vergiiteter 
[hi (ifebor iilr MShere meohaniscbeBeapspru- 
(J011 i-i " <>' ^ rl r *" len orftl '^ ! 
ft, LviiiWiindhing. Das Werkst'uck muB, also 
"" ' iifwSli'Ockt werden, und cs bildet sich 
pJltinafS v0m Kohlenstoffgehalt' des 
w V), Mm lensit. Riflbildung und Ver- 
JPlI i !„ chic en Nitriero B« 
({v/sll'ltl hvi lea Fallen ohneNach- 
' M '))'iji>lfo») vovwendci werden. Die 
itiiiifiill li' to orgibt eine hcrvorra- 
' iHl'b'lOlt bis Botncbstempera- 
StS'-Cbll) W J C Der hohe. 
£ K l ji JhlthC verhindert 



wirksani das Fres ei w i i ich rclativ zueinan- 
der bewegender Teile (Werkzeuge: Bohrer, Fra- 
ser, Drehstahl u. ii.). Die dynamischen Festrg- 
keitskennwerte und die Korrosionsbestimdigkeit 
werden ebenfalls merklich verbessert. Schlagarti- 
ge Beanspruchungen fiihren abcr meistens zum 
Brechcn der dunnen, sprBden Schiclit und verrin- 
gern die Danerfestigkeit entscheidend. 
Beim Nitrieren bereits vergiiteter Stable ist die 
AnlafJwirkung svegen der relativ niedrigen Be- 
handhingstempcraturen gering. 

4i<5 LcgiorungselemeiiteimStahl 

An kein6m anderen Werkstolf lassen sich die 
EigenschaEten durch Legieren in einem so groBen 
Umfang iinclcrn wie bei Stahl. Der legievte Stahl 
enthalt a\iCec Eisen und Kohlenstoff Im allgcmei- 
ncn mehrere Legierungselemente. Die eingetrete- 
nen Eigenschaftsa'nderungen iassen sich daher nur 
in sehr allgemeiner Form angebers. Oenaue Voi - 
hersagen sind in der Rege! anch deshaib nicht 
moglich, weil die Wirkung der Legierungselemen- 
te nt'cJil addiliv ist. 

Legierungselemente werden dem Stahl in genau- 
en Mengen rugesetzt, um bestimmte Eigenschaf- 
ten zu erzeugen bzw, zu verbossern Oder uner- 
wiinsehtc ?.u beseitigen oder zu mildern. Als 
legiert geitcn Stahisnrten, wenn der Lcgierungs- 
gehaH fiir wenigstens ein Element die Grenzwcrte 
der Tab. 183 erreicht odor iiberschreitet. Die 
unarwimschten Beimengungen (Verunroinigun- 
gen) wie z. B. Kohlenstoff, Phosphor, Schwefel, 
Stickstoff und die fiir das Desoxidierenerforderii- 
chen Etemente gelten danach nicht als Legie- 
rungselemente. 

Axis praktischen Erwagungen werden die legier- 
ten Stahle in niedriglegierto (Summe der Legie- 
rungselemente <5 %) und hochlegierte (> 5 %) 
eingetellt. Niedriglegierto Stiihle haben prinztpiell 
ahniiche Bigenschaften wio unlegierte. Ihre tuch- 
nisch wichiigsle Eigenschaft ist die wesentlich 
verbesserm HMbarkelt (siehe S. 172), aber ouch 
andere tecfinisch bedcutsame WerkstofE-Verbes- 
serungen werden erreicht: 

- Warmfestigketi, z. B. durch Zugabe vonMolyb- 
dan. Es entslehen die auch bei hohen Tempera- 
turen noch bestaridigen warmfesten Stable. 

- Aniafibestandigkeii wird durch die grofie ther- 
mische und chemische Bestiindigkeit der Karbi- 
de der Legierungselemente wesentiich verbes- 



Tab. 183: Fiir die Abgreniun 
, , tnhkn maflgebcn 
NORM 20-74 



Chrom 
Kobalt 

[Cuprer 

Uuuhaniiie 

Mangaii 

Molybtlan 

Nickel 
:Niob 
|Blei 

Solon 

Silinum 

Totlur 

Titan 

Wismut 

Wolfram 
Vanadium 

Scr.s'.ige{mil Ausnohmos 
stoff,T'hosi>hor, Schwefel, 
und Sauerstoff) 



Dagegen werden hochlej 
wenn Sondereigenschafti 
bci un- bzw. niedriglegU 
nur in unzureichendem 1 
Die erreichbaren Festigk 
stens von untergeordnott 
ZunderbesiSndigkett, Sc 
glut oder besondere elek 
Bigenschalten (weich - 
lassen sich' nur durch 



4.6.1.1 Mischkristnll- m 
Die Lbslichkeit der Legi 
wild vom Verhfiltnis de 
dem Atomautbau der 
bestimmt (siehe S. 50). 
unterscbiedlichen Form, 
damit zu sehr unterschi 
dei'ungen liihren: 



ttricren im Ammoniaksimill 
0°C frctweidende atoniinu 
.tiickoberfiache: 



iSWCbisSSCCdxirchsi). 
imalen, feinstdispersen Aim- 
Die Aufslibkungin NH/ll, 
,ze beschleunigt mid dureh 
ig gehemmt. Die Folgo ilnr 
n sind sehrlange NitricrM 
eliefe von 0,5 mm sind olwu 
h. Der Gehalt an geloslen} 
chioht kami bis 0,4 % bclrn* 
tnerdauerbasteht allerdiii|i,ti 
sigen Anlassw i rkung (Fern ijt 
ingsgefUgcs. ObI3chei'W(ii«i» 
em Nitrieren vergtitet, wu- 
.aften wesentlich verbessorl 
'aufhahme ci'leichtert win I, 

rmcht das Gasnilrieren rein- 
tc nur nodi in SonderHilk-n 
erienfcfligungeil wird des- 
carburieren etngesalzi, ilus- 
ii nd -temperoluren mil dt* 
ens vergleichbar sind. Wo- 
rn Verrahrensxeiten wirehsi 
tricren bezeiclmet. 




t: Dun Salzbadnltrieren wird in Zyanblldein (CN) 
j |»i r rbmpeialurenvon570 c C±10 o CduidigefXirirt, 
i WObeislelseinegeiingezusStelidieAufkohlungiiber 

(Ion Kohlenstoffgchalt des Zyanbades erfolgt. Es 
! : : iMiidiilisichliici alsoiLTSiKCiriimeiDNiliocn.ibMrie- 
\ ■'- iflll, Die Njtiics-zeite.il sind wegen der holicn OberflS- 

li, ii ktivji ii 1 3a badesundv eg rtda hnol 
V lMi Aufhcizung erheblioh kttrzer: in 1 bis 2 Stimdcn 
I Iwirfigt die Nitrief ha'i-Sctiefc ctwa 0,5 mm. Der Festig- 
\' : ItollsabfaH eincs vcrgUtctcn Kerns ist crheblich ge- 
: linger als beim kiassischen GasruUiereii, 

' W0Jk7.c«e<: nus Scluicllaibejl ml) r!i idurchdf.s] n 
lurcnl i 1 ui 1 i i > i I -i 

' )ltn»ur isi, eineextrem hitrte Nmicrschicln mil cinsr Dictos 

WlJiclwft0,02mm.DieSunl-.Mi n J 1 n) ndigl I 

dim Werbssuss werden doutlich cihSht, 

1 1 II Vergleich zum BlnsalzhSrten (RandbSrte von 
11.10 HV bis 900 HV) ist die maximal encichbare 
litmdharte wesentlich grfiSer (bis 1200HV). Die 
NlUdcriiif r tettcfc Niit ist nach DIN 50190-3 der Ab- 
:il mid eines Punktes von der OberflSche, dessert Ha> 
|0 urn 50 HV iibcr dar Kemhartc.licgt. 

■Die Verxh'cifffestiskeHbl eiheblich besscr, wegen 
<!gr i. Allg. sehr.diinnen Nilrierschicht sollten holie 
pillchenpressungeis aber vermieden werden, Bin ver- 
llllletcr Kern ist daher fUr hOhere mechanische Be- 
linspcnchungcn swecki Gig Beim Nitrieren erfolgt 
koine Umwandlung. Das Werkslii L mi ssals< nicbt 
lll)(i,eschrec> t werd nnd let sich daher unab- 
liilngig vom Kohlenstoffgehalt des Werksloffos kein 
Martensif. Rissbildung mid Verzug sind praklisch 
IIUNgeschiossen. Nitrierte Bauteiie kdnncn deshnlb 
In vielen Fatten ohne Nachbearbeilung (Schleifen) 
verwendel werden. Die extreme OberfliichenhSrte 
orgibl eine bervorragende VersclileiM>es®ndigkeit 
blsBetiiebstemperatuKnvonetwa550°Cbis600 0 C. 
Iter hohe Slickstoffgehalt der Nitricrseliicht vcrhin- 
dort wii-ksam das Fresscn zweka'sicli ref ativ zueinan- 
iler bewegenderTeile (Werkzeuge: Bohrer, Fraser, 
Drelistahl u. 8.). Diedynamischen Festigkeitskenn- 
werte und die Korrosionsbestandigkeit werden cben- 
liills meiklich veibessert. SchlagarligeBeanspruchun- 
gen fuhrcn aber meialens zum Brecben dei'dtinnen, 
sproden Schicht and verringeni die Danerfcstigkeit 



4.6 Legierungselemeute im Stalil 

An keinem anderen Werkstofflassen sich die Eigen- 
soiiaften durch Legieren in einem so groBen Um- 
fang andern wie bei Stnhl. Dei 1 legiorte Stahi ent- 
halt auBer Bisen und Kohlcnstoff im Allgemeinen 
mehrere Leglerungselemente. Wegen der komple- 
xen Wechselwirkungen wisclien den LcgierungseJe- 
mejitcn und iiiiei' nicht additiven Wii'kung lassen 
sich die eingetretenen Eigenschafisa'ndenmgen da- 
her nur in schr allgemetner Form angoben. 

Legierongsclementc werden dem Stahi in genauen 
Mengen zugesetat, urn bestimmte Eigenschaften kii 
ei-zetigen bzw. zu verbessem odei' unerwiinschte zu 
beseitigen Oder zu mildem. Als legiert gelten Stahl- 
sorlen, wenn der Legierungsgehalf fiir wenigstens 
ein Blement die Grenzwerte der labeile 4.10 crreicht 
odor (Jberschreitel, Die unerwunsohlen Beiniengnn- 
gen (Verunreinigungen) wie z. B, Koblenstdff, Phos- 
phor, SohwefeJ, SSickstoff und die fUrdas Desoxidie- 
ren erfoiderliciicn Elemente gelten danach niclit aSs 



Tab. 4.10: Kir die Abgrcnzung dev unlcgioncn von den h- 
ji in i 3 m i in »8e&e»t!«» Oe U t L 
gioiuiigsolemcmc imcb DIN EN 1002O 



■h dem Avftohl™ (schematic) 
•ii von Einsntzlemp 
micrAbkitlilimg be 1 



iteim Nitrieren bereits vergiit il t i 

liisswirkmig wegen der veiha'ltnismaBig nicdrigen 
Uchundlu ngstemperaturen goring. 



LegierungseJement 


Grenzgehalt 
tri Masson-% 


Jilsmnt 


0,10 
0,10 


Blel • 


0/10 


|| 11 


o|40 
0.)0 


MolybcliiH 
Nicfcel ' 


1,55" 
0^30 


Niott 


0,10. 


Silicimn 


0,fi0 

oios 


Vonsdlura 
ZirHnniom 


0^30 
0,05 




0,10 


11 Foils far Mangsn nur «tn HSchsUvcrt k 
Groiiiwct 1,80 * w4 die 70 %-E*gei 
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